Abstract -Recently we published a paper studying Biological Sysytems (system-level understanding in biological science), from the physical-chemical point of view, and involving irreversible thermodynamics and nonlinear kinetic theory of open systems which are founded on nonequilibrium statistical mechanics [1l.
I. INTRODUCTION What is Biophysics? For us, life is the most important phenomenon in Nature. It is also very complex, and in order to understand life and living processes several branches of science are needed. Biophysics use biological and physical concepts for the study of life. One of the greatest physicist of the twentieth century, Erwin Schrodinger, wrote a beautiful little book which he named What is life? [2] . Though this book is now outdated in can be read with benefit by the modem scientist. Not only Physics but specially Biochemistry are essential to answer the question. So today, Biophysics is understood as a broad interdisciplinary area encompassing Biology, Physics, Biochemistry, mathematical and computational modelling, It is certainly a truism to say that the complicate heterogeneous spatial structure and functioning (temporal evolution) of living organisms, starting with the individual cell, set down quite difficult problems at the biophysics. In recent decades a good amount of effort has in particular been devoted to some physico-chemical aspects of biosystems, like, how to increase our knowledge of the chemical composition of life forms; to determine the structure of macromolecules, proteins, etc. (as noted in [3] , understanding of structure is the first vital step, without which any further analysis run aground); to determine the reactions that lead to processes of sintetization of multiple components; to understand the mechanisms and codes required to determine the structure of proteins; and so on. Moreover, as already noticed, to consider living systems at the biophysical level we must be well aware of the fact that we are dealing with macroscopic open systems in nonequilibrium conditions. In other words, we observe macroscopic organization -at the spatial, temporal and functional levels -of the microscopic components of the system, namely, molecules, atoms, radicals, ions, electrons. The macroscopic behavior is of course correlated to the details of the microscopic structure. However, it must be further emphasized that this does not mean that knowing the microscopic details and their mechanistic laws, the redutionist scheme shall reveal the interesting macroscopic properties. Not only -as it is well known -is the number of microscopic states so huge that cannot be handled out, but still more important, and fundamental, is the relevant fact that macroscopic properties are expressed in terms of concepts that do not belong in mechanics, which are collective macroscopic effects. Hence, as already pointed out above, reductionist and deterministic methods of mechanics must be superseded -or, better to say, extended -to build a macrophysics, holistic in the sense of collective, and with both deterministic and chance characteristics. Some attempts in such direction have been developed with the introduction of approaches like Prigogine's dissipative structures [4] , Fr6hlich macroconcepts [5] , Haken synergetics [6] and computer-modelling [7] .
As already noticed, the nonequilibrium statistical ensemble formalism allows for the construction of a nonlinear quantum transport theory of a large scope and a response function theory for far-from-equilibrium systems. It also provides a thermodynamics of irreversible processes, dubbed as Informational Statistical Thermodynamics (IST, sometimes referred-to as Information-theoretic Thermodynamics). This IST was apparently pioneered by Hobson [8] after the publication of Jaynes' s seminal articles on the informationtheoretic foundations of Statistical Mechanics [9, 10] . This irreversible statistical thermodynamics provides the foundations for the treatment of dissipative open macrosystems away (either near of far) from equilibrium [11] . This is the situation of biosystems, a result of the evident general feature that to function they require to [16, 17] . We recall that an electret is a piece of dielectric material exhibiting quasi-permanent electrical charges. The term "quasi-permanent" meaning that the time constants characteristics for the decay of the charge are much larger than the time periods over which studies are performed with the electret. It is worth noticing that the first electret was made with a material of biological origin, namely, carnauba wax from the carnauba palm tree of Brazil. This was the material originally used by Eguchi [18] to verify experimentally the theoretical proposal of Heaviside [19] , who coined the name electret. Extensive pioneering investigations were due to Gross [20] , and electret research gradually moved to involve many materials. Later on moved to the field of materials of biological origin like proteins, and the picture emerged that the electret effect may in fact be a universal property of biopolymers in general such as polypeptides, polynucleotides, polysacharides, etc. We are here adding to these possibilities the cytoskeleton.
Propagation of signals
The same nonlinearity in the kinetic equations, which are responsible for the complex behavior consisting of Frohlich effect, give rise to the existence of a particular kind of excitation in this systems, namely, the Schrodinger-Davydov soliton. This is a quite convenient source for the propagation of signals, with the particular characteristic of being wholly reconstructed without distortion after collision processes.
Soliton is the name coined to describe a pulse-like nonlinear wave (the solitary wave referred to above) which emerges from a collision with a similar pulse having unchanged shape or speed. Its relevance in applied sciences has been described in a 1973 review paper by A. C. Scott et al. [21] . The [22, 23, 24] , and the case of propagation of light in optical fibers [25] . Another example is that of the so-called Davydov's solitons [26, 27] , which may have a quite relevant role in bioenergetics.
Davydov's theory has received plenty of attention, and a long list of results published up to the first half of 1992 are discussed in a comprehensive review due to A. C. Scott [28] . As pointed out in that review, one question concerning Davydov's soliton is that of its stability at normal physiological conditions, that is, the ability of the excitation to transport energy (and so information) at long distances in the living organism, in spite of the relaxation mechanisms that are expected to damp it out at very short (micrometers) distances. As we have shown, in fact Schrodinger-Davydov solitons are present in systems which follow Frohlich modelling and, quite important, when travelling in Frohlich condensate they provide undamped and undeformed ways to propagate signals at long distances [29] .
Frohlich-Cherenkov emission
Further complex behavior is expected in this particular and notable system, that is, the possible emergence of a particular phenomenon, which we call Fr&hlich-Cherenkov effect, consisting in that when the soliton is propagating with a velocity larger than the group velocity of the normal modes of vibration in the medium, a large number of phonons are emitted at a certain angle with the direction of propagation of the soliton [30] .
We proceed next to present a revision of the main results on the subject, from a point of view of statistical thermodynamics.
Frohlich Effect in Polar Modes
Let us consider a physical system modelling the conditions that lead to the emergence of Frohlich effect. It is described in Fig. 1 , where it is shown a particular biological system and the mechanical analog whose quantum mechanical statistical thermodynamics has been analyzed. What we do have is a periodic chain in which the polar vibrations of interest are the CO-stretching (Amide I) modes. The system is in interaction with the surroundings, a thermal bath modelled by an elasticcontinuum-like medium. The reservoirs provide a homeostatic-like mechanism responsible for keeping the elastic continuum in equilibrium at temperature To, say 300 K. A source continuously pumps energy on the polar modes driving them out of equilibrium.
The Hamiltonian consists of the energy of the free subsystems, namely, that of the free vibrations, with 11 being their frequency dispersion relation (Yis a wave-vector running over the reciprocal-space Brillouin zone), and that of the thermnal bath composed by oscillations with frequency dispersion relation DF1, with a Debye cut-off frequency LID.
The interaction Hamiltonian HI contains the interaction of the system of polar vibrations with an external source (that pumps energy on the system), and the anharmonic interactions between both subsystems. The latter are composed of several contributions associated with quasi-particle (phonons) collisions involving the system and the thermal bath.
For the quantum-mechanical statistical thermodynamic study of Frohlich effect, whose results are reviewed here, we have resorted to an informational statistical thermodynamics based on the Nonequilibrium Statistical Operator Method ( NESOM) [31] [32] [33] [34] [35] Besides providing microscopic foundations to phenomenological irreversible thermodynamics NESOM, also allows for the construction of a nonlinear generalized quantum transport theory -a far-reaching generalization of ChapmanEnskog's and Mori's methods -which describes the evolution of the system at the macroscopic level in arbitrary nonequilibrium situations [37] [38] . A most appropriated construction of the nonequilibrium ensemble formalism is based on a variational approach, consisting in the determination of the nonequilibrium statistical operator by means of Jaynes' principle of maximization of the quantity of uncertaintity of information (of Information Theory), usually referred-to as maximization of the informational entropy (MaxEnt for short).
III. On Biowater and Bioelectret Roles in Microtubules
It has been said that water in nature has drawn artists for millennia, and both its flow and its serenity have borne deep meaning for philosophers. Thales -the sixth century BC Helenistic philosopher -concluded that water is the ultimate substance, the principle, or element, of all things. Later on, the also Helenistic philosopher, Empedocles proposed that the complexities of creation required four elements instead of one, and the liquid state took its place among them as the element water. Among earthly liquids, water is the most prevalent, covering more than 70 percent of the planetary surface, and it is by far the most important for the scientific consensus is that life arises because water is a prime natural medium for chemical reactions. Its mobile molecules act to diminish the electromagnetic forces that link atoms together, freeing the atoms to combine chemically with other free-floating atoms. According to present thinking, only a watery environment such the sea could have supported the chain of chemical reactions that formed such elaborated compounds as chlorophyll, DNA and hemoglobin, and the presence of water is essential for all the ongoing chemical processes of life [39] .
There is no completely satisfactory theory of water, say, a master equation allowing to describe all its properties. Recently, as an alternative stategy, many investigators have turned to computer models to sum up the actions of all the molecules in a sample of water to arrive at their total effects. As already noticed above, water, with its characteristic angular structure, is an extraordinary substance for a variety of reasons, and, for example, its excellent properties as a solvent allowed for the possibility of life on Earth. To understand how water affects the structures of biological molecules, we must first appreciate the distinctive properties of water itself. These properties stem from the unique structure of water and the way its structure allows water to "manage" the electric charges of other molecules [40] .
IV. Concluding Remarks
As it has been stressed in Section 1, nowadays it is gaining ground the idea that Biology, Physics, Chemistry, Information Theory, and Complexity Theory need to joint forces to deal with questions as the origin of life and its evolution , the problem of a science of consciousness, and others in the life sciences.
Paul Davies [41] has maintained that solving the mystery of biogenesis is not just another problem on a long list ofjust-do scientific projects. Like the origin of the universe and the origin of consciousness, it represents something altogether deeper, because it tests the very foundations of our science and our world-view.
In what refers to the processes governing consciousness in the human brain, Roger Penrose seems to have argued along a similar direction, as have been noticed in previous sections, in a kind of, say, a large-scale quantum action in brain functioning. According to him one may expect a kind of quantum coherence -we would say an organization of information -, in the sense that we must not look simply to the quantum effects of single particles, atoms, or even small molecules, but to the effects of quantum systems that retain their manifest nature at a much larger scale. We must look for something different as the appropriate type of controlling "mechanism' that might have relevance to actual conscious activity. Also, such processes must be the result of some reasonably large-scale quantum-coherent phenomenon, but coupled in such subtle way to macroscopic behavior, so that the system is able to take advantage of whatever is this particular physical process -as we have argued in the past sections involving a particular organization of information in Davies' Also it makes contact with Davies' statements that, of couse, "organisms must comply with the laws of physics and chemistry, but these laws are only incidental to biology. Their main role is to permit an appropiate logical and informational system to come into being. Where chemical reactions are easy and thermodynamically favored, life will cheerfully make use of them, but if life needs to perform "unnatural" chemistry, it finds a way. The key step that was taken on the road to biogenesis was the transition from a state in which molecules slavishly follow mundane chemical pathways, to the one in which they organize themselves to forge their own pathways. Life opt out of the structures of chemistry by employing an information-control channel, freeing it to soar above the clodlike thunderings of atomic interactions and create a new, emergent world of autonomous agency".
As we have seen in the case of Frohlich's effect, there occurs the emergence of complex behavior of bosons, as a result of exploring nonlinearities in the kinetic equations of evolution.
There is a kind of autocatalytic process leading to synergetic ordering, and as a consequence a decreasing in informational entropy (maybe, uncertainty of information), following the fact of the consolidation of a long-range coherent macrostate.
We see here the working of the microphysics -through the equations of quantum mechanics -with a subtle coupling to macrophysics through the resulting nonlinear kinetic equations, which are the average of the former over the nonequilibrium ensemble describing the expected behavior of the whole assembly of degrees of freedom of the system.
As closing remarks, we can now recall the sentence of the great Ludwig Boltzmann: "Thus, the general struggle for life is neither a fight for basic material ... nor for energy ... but for entropy [we say now information] becoming available by the transition from the hot sun to the cold earth".
